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Abstract HB2 is a cell line originated by subcloning of
MTSV1-7 mammary luminal epithelial cells isolated from
human milk and immortalization via introduction of the gene
encoding simian virus 40 (SV40) large T antigen . Despite its
wide utilization as non-neoplastic counterpart in assays aimed
to elucidating various biochemical and genetical aspects of
normal and tumoral breast cells, to our knowledge no litera-
ture data have so far appeared concerning the chromosomal
characterization of the HB2 cells. Here, we report the cytoge-
netic characterization of the karyotype of HB2 cells, which
puts in evidence the occurrence of changes in chromosomal
number and structure and the presence of unidentified chro-
mosomal markers in variable amount. Our results do not
detract from the utility of HB2 cells in illustrating fundamental
aspects of breast cell biology, but rather interject a note of
caution into generalizing results obtained with this cell line to
other non-immortalized epithelial cell populations from the
human breast. Therefore, this work represents a useful re-
source for all who want to perform appropriate and focused
future studies on this cell line and proposes precise indications
for a knowledgeable use of HB2 cells.
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Introduction
HB2 is a cell line originated by subcloning of MTSV1-7
mammary luminal epithelial cells isolated by Bartek et al.
(1991) from human milk and immortalized by introducing the
gene encoding simian virus 40 (SV40 ) large T antigen
(Berdichevsky et al. 1994). HB2 cells were selected for their
ability to undergo branching morphogenesis from spherical
structures when cultured in collagen gels and stimulated by
hepatocyte growth factor and used as a cell model system for
the study of the involvement of fibroblast-derived growth
factor, Wnt, and integrins in mammary tissue development
(Huguet et al. 1995; Alford et al. 1998). Subsequently, HB2
cells have been used as non-neoplastic counterpart for eluci-
dating various biochemical and genetical aspects of normal
and tumoral breast cell biology, such asWnt5a- and heregulin-
stimulated signal transduction pathways (e.g. , Baeckström
et al. 2000a; Jönsson and Andersson 2001; Dejmek et al.
2003), c-ERBb2 promotion of apoptosis and effect on
MUC1 expression (e.g. , Baeckström et al. 2000b; Scibetta
et al. 2001), ethanol promotion of cell invasion (e.g. , Aye et al.
2004), cadmium-mediated changes in gene expression
(Sirchia et al. 2008; Sirchia and Luparello 2009), TP53 tran-
scriptional regulation (Goes et al. 2011), and epigenetic mod-
ulation of oncosuppressor genes (Rubinek et al. 2012).
It is widely acknowledged that the process of transforma-
tion and immortalization of cell lines via SV40 T antigen may
cause genetic hypervariability and genomic instability with
induction of chromosomal aberration and aneuploidy, proba-
bly due to the binding of the viral oncoprotein to components
of the mitotic spindle checkpoint, such as Bub1, and conse-
quent genomic destabilization (Ray et al. 1990; Cotsiki et al.
2004). Despite their ever-growing utilization as “normal”
control in parallel with breast cancer cell lines in assays aimed
to evaluate several different features of neoplastic cell behav-
ior to our knowledge, no literature data have so far appeared
concerning the chromosomal characterization of the HB2 cells
in order to gain information on possible anomalies concerning
the number and structure of the chromosomes. In the present
paper, we report the cytogenetic characterization of the kar-
yotype of HB2 cells, which puts in evidence the occurrence of
changes in chromosomal number and structure and the
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presence of unidentified chromosomal markers in variable
amount.
Materials and Methods
Cell culture. The HB2 breast epithelial cell line (courtesy of
Cancer Research, UK) was obtained in 2007. Cells were
cultured in high glucose–DMEM medium plus 10% fetal
calf serum (Life Technologies, Carlsbad, CA), 5 μg
hydrocortisone/ml (Sigma, St. Louis, MO), 10 μg bovine
insulin (Sigma), and antibiotic/antimycotic mixture (100 U/
ml penicillin, 100 μg/ml streptomycin, and 2.5 mg/l
amphotericin B; Life Technologies) at 37°C in a 5% CO2
atmosphere. No test for the presence of mycoplasma contam-
ination was performed during the assays. Cell morphology
was checked under the phase contrast microscope (Fig. 1). For
subsequent experiments, exponentially growing cells were
exposed to 0.1 μg colcemid (Sigma)/ml for 2 h and harvested
by trypsinization.
Metaphase chromosomal spread preparation and cytogenetic
analysis. Cytogenetic analyses were performed according to
Sciandrello et al. (2002). Trypsinized HB2 cells were collect-
ed by centrifugation at 800 rpm for 8 min submitted to
hypotonic treatment with 75 mM KCl for 20 min at 37°C,
and subsequently fixed with two changes of Carnoy’s solution
Figure 1. Phase contrast micrograph showing themorphological appear-
ance of HB2 cells in flask. The cultures show an epithelial phenotype with
polygonal cells growing strictly connected in scattered islands. Bar
10 μM.
Figure 2. Graph showing the karyotypic chromosome number distribu-
tion (in percent) in HB2 cells. Themodal karyotype has 61 chromosomes.
Table 1. Cytogenetic analysis of 25 selected GTG-banded HB2
metaphases
N Karyotypea UMAR(s)b
1 56XX, +der(3), +3p-, +4, +5, der(6), +7, +9,
+12, +13, +16, +20, +20
0
1 57XX, +der(1), der(3), +3q-, +5, +7, +9, +12,
+13, +16, +20, +20
+2
1 58XX, +der(1), +der(3), +3q-, +4, +5, +der(7),
+12, +13, +15
+3
1 58XX, +der(1), +der(3), +3q-, der(6), +12, +13,
+15, +16
+5
1 59XX, +der(1), +der(3), +3q-, der(6), +der(7),
+9, +12, +13, +16
+5
1 60XX, +der(1), der(3), +3q-, +5, +7, +der(7),
+12, +15, +20, +22
+5
1 60XX, +der(1), der(3), +3p-, +3q-,+5, +7,
+der(7), +13, +15, +20
+5
1 61XX, +der(1), +der(3), +4, der(6), +7, +7, +9,
+12, +13, +16, +20
+5
1 61XX, +der(1), +3p-, +3q-,+4, +5, +6, +7,
+der(7), +11, +14, +20, +22
+3
1 61XX, +der(1), +der(3), +5, der(6), +7, +7, +9,
+12, +13, +16, +20
+5
1 61XX, +der(1), +der(3), +3p-, +5, +6, +7,
+der(7), +11, +12, +14, +20, +22
+3
1 61XX, +der(3), +3p-, +4 +5, +6, +7, +der(7),
+11, +12, +14, +20, +22
+3
1 61XX, +der(1), +der(3), +3q-, +5, +6, +7,
+der(7), +12, +14, +15, +20, +22
+3
1 61XX, +der(1), +der(3), +3q-, +5, der(6), +7,
+9, +12, +13, +16, +20
+6
1 61XX, +der(1), der(3), +3q-, +5, +7, +der(7),
+9, +12, +13, +16, +20
+6
1 61XX, +der(1), der(3), +3p-, +3q-, +5, +7,
+der(7), +12, +13, +15, +20, +22
+4
2 61XX, +der(1), der(3), +3q-, der(6), +7,
+der(7), +9, +12, +13, +16, +20
+6
1 62XX, +der(1), der(3), +3p-, +4, +5, der(6), +7,
+9, +12, +16, +20, +20
+6
1 62XX, +der(1), der(3), +3p-, +3q-, +5, +7,
+der(7), +9, +12, +13, +16, +20
+6
1 63XX, +der(3), +3p-, +5, +6, +7, +der(7), +11,
+12, +14, +15, +20, +22
+5
1 63XX, +der(1), der(3), +3q-, +4, +5, der(6), +7,
+9, +12, +13, +16, +20, +20
+6
1 63XX, +der(1), +der(3), +5, +6, +7, +der(7),
+14, +15, +20, +22
+7
1 64XX, +der(1), der(3), +3q-, +4, +5, +6, +7,
+der(7), +11, +12, +13, +14, +15, +20, +22
+4
1 65XX, +der(1), +der(3), +3p-, +3q-,+5, +7,
+der(7), +12, +13, +15, +20, +22
+7
a According to ISCN (2013)
b Unidentified marker(s)
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(3:1 mixture of methanol/acetic acid) at room temperature,
dropped onto chilled slides, air dried and stained with 2.5%
Giemsa. A hundred metaphases were scored and three
independent experiments were performed to determine
the frequency of cells with different numbers of chromo-
somes. GTG banding was performed by incubating the
glass slides in a 0.04% trypsin solution (Life Technologies)
for 7 s, followed by rinsing the slides in phosphate-
buffered saline buffer and staining in a 2% Giemsa solution
in Sorensen’s phosphate buffer, pH 6.8, for 8 min. The
slides were rinsed with water and air dried. Twenty-five
GTG-banded metaphases were examined to determine the
karyotype.
Image acquisition. Metaphases were visualized under a
Microphot microscope equipped with a charge-coupled de-
vice camera and Genikon image analysis software (Nikon
Instruments, Sesto Fiorentino, Italy).
Results
In a first set of assays, the modal chromosome number was
determined by analysis of 100 Giemsa-stained metaphases. As
shown in the graph in Fig. 2, most metaphase spread prepara-
tions were approximately less than triploid with a predominant
fraction, accounting for 44% of samples, endowed with 61
chromosomes. Then, HB2 cell karyotype was studied by
analysis of 25 GTG-banded metaphase spreads, selected
among those showing a number of chromosomes close or
equal to the modal value (range, 56–65). The cytogenetic
analysis (Table 1) puts in evidence the presence of identifiable
numerical and structural chromosomal changes, as well as
unidentified chromosomalmarkers in variable amount (Figs. 3,
4). In particular, the trisomy of chromosomes 4, 5, 6, 7, 9, 11,
12, 13, 14, 15, 16, 20, and 22 and the tetrasomy of chromo-
somes 7 and 20 were observed with a frequency comprised
between 20% and 86.7%, and 6.7% and 13.3%, respectively
(Fig. 5). Structural alterations were observed in chromosomes
1, 3, 6, and 7 with a frequency comprised between 40% and
93.3% (Fig. 6). In particular, in the 86.7% of the analyzed
metaphase spread preparations chromosome 1 appeared in-
volved in a rearrangement leading to the appearance of a
longer chromosomal marker, der(1), due to supernumerary
bands in the short arm. Such marker was always found as an
additional structure, thereby generating chromosome 1 triso-
my (Fig. 7A). GTG band analysis allowed to identify the
complex rearrangement leading to the appearance of the
der(1) marker consisting in two inversions and one duplication
event of the short arm. The identification of the rearrangement-
related break points allowed to describe this chromosomal
marker (Fig. 7B) as inv(1)(p22p33), dup(1)(p33→p36),
inv(1)(p33p36).
Figure 3. GTG-banded
karyotype of an HB2 cell: 61XX,
+der(1), +der(3), +4, der(6), +7,
+7, +9, +12, +13, +16, +20, +5
unidentified markers (UMARs).
The arrows indicate the abnormal
chromosomes.
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Interestingly, chromosome 3 underwent to two different
types of rearrangement each one generating a distinct
chromosomal marker. In fact, in 93.3% of analyzed meta-
phase spread preparations, this chromosome was involved
in a “jumping translocation” with either chromosomes 6 or
7 leading to the appearance of der(3), der(6), and der(7)
markers (Fig. 8). The identified break points for this trans-
location were located in the short arm of chromosome 3 (in
the region 3p24-p23) and in the long arm of chromosome 6
(in 6q25 band) and chromosome 7 (in the region 7q31-
q36). The der(3) marker was found to be an additional
structure to chromosomes 3 in 40% of samples, thereby
generating a partial chromosome 3 trisomy. The second
type of rearrangement was a t(3;20) generating the chro-
mosomal markers 3p- and 3q- (Fig. 9). The identified break
points for this translocation were located in the centromeric
regions of the two involved chromosomes. In addition,
most of the metaphases showing this translocation were
Figure 5. Histograms showing
the distribution of aneuploidy in
HB2 cells.
Figure 4. GTG-banded
karyotype of an HB2 cell: 61XX,
+der(1), +3p-, +3q-,+4, +5, +6,
+7, +der(7), +11, +14, +20, +22,
+3 unidentified markers
(UMARs). The arrows indicate
the abnormal chromosomes.
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characterized by partial chromosome 3 trisomy and also
chromosome 20 tetrasomy.
Discussion
The development of immortalized cell lines is a useful ap-
proach to identify the genetic and biological events associated
with proliferation, differentiation, and de-differentiation in
human tissues. In fact, immortalized cells resemble their pri-
mary cell counterparts but have the advantage of being carried
through long-term culture as well as being cost-effective and
derived from the same donor. On the other hand, it is widely
acknowledged that expression of viral oncogenes in cells
results in a number of genotypic and phenotypic changes
(e.g. , Dimri et al. 2005). In the present paper, we show that
karyotypic analysis of HB2 cells reveals frequent aneuploidy
and chromosomal abnormalities, as expected for SV40-
transformed breast epithelial cells (Toouli et al. 2002). In
particular, the occurrence of chromosomal rearrangements
leading to the generation of der(1), der(3), der(6), and der(7)
was reported. Concerning der(1), translocations events in
1p22 have been described as the most usually involved in
the onset of human cancer (Sandberg 1980; Elco et al. 2010).
The 1p22 band contains a fragile site which was shown to be
inducible by aphidicolin in cultured human lymphocytes
(Tedeschi et al. 1992) and this break point was commonly
found in the karyotype of liver cancer cells (Wong et al. 2000).
Interestingly, 1p22 band contains the dihydropyrimidine de-
hydrogenase gene, which encodes an initial and rate-limiting
enzyme acting in the uracil and thymine catabolic pathways
and being responsible for degradation of 5-fluorouracil, which
is also considered as a potential prognostic marker for breast
cancers (Li et al. 2004). Moreover, 1p33 band contains the
cyclin-dependent kinase inhibitor 2C gene encoding p18 of
the INK4 family which functions as a cell cycle regulator that
controls G1 progression via inhibition of CDK4 (Guan et al.
1994), whereas the cell division cycle 2-like 2 (PITSLRE
protein ) variant 3 gene, encoding a member of the subfamily
of p34cdc2-related protein kinases which intervene in the reg-
ulation of apoptosis, and at least other three potential tumor
suppressor genes (i.e. , Heir-1 , TNFR , and DAN) are located
in band 1p36 which contains another aphidicolin-inducible
Figure 7. A , Partial GTG-
banded karyotype of two HB2
cells showing a rearranged
chromosome 1 compared to the
normal ones. B , Ideogram of
der(1) compared to the normal
chromosome 1; the arrows
indicate the breakpoints.
Figure 6. Histograms showing the distribution of structural abnormali-
ties in HB2 cells.
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chromosomal fragile site (Lahti et al. 1995; Thompson et al.
1997; Tunca et al. 2000).
“Jumping translocations” are rare events described for the
first time by Lejeune et al. (1979) characterized by the pres-
ence of a common chromosomal segment, originated by a
donor chromosome on two or more different acceptor chro-
mosomes. These translocations have been observed in SV40-
immortalized cell lines and in patients with constitutive or
acquired chromosomal alterations (Jackson-Cook et al. 2003;
Berger and Bernard 2007). The breakpoints of the jumping
translocation identified in HB2 cells are located in 3p24-p23
and 7q31-q36 regions and in 6q25 band. This could lead to a
deregulation of RNA binding motif , single-stranded
interacting protein , and transcript variant 3 (RBMS3) gene,
present in 3p24 band, whose product is an RNA-binding
protein that belongs to the c-myc gene single-strand binding
protein family and is involved in the regulation of cell cycle
and apoptosis (Chen et al. 2012). On the other hand, 6q25
band contains the F-box protein 5 gene that encodes an
homologue of a X. laevis protein, named EMI1, acting as a
mitotic regulator via interaction with Cdc20 and inhibition of
the anaphase-promoting complex (Reimann et al. 2001), as
well as other cell division regulatory genes such as gravin
(AKAP12) and AT-rich interactive domain 1B variant 1 (Nagl
et al. 2005; Canton et al. 2012). Several proliferation-related
genes are also located in 7q31-q36 region, including CDC26 ,
inhibitor of growth family,member 3 , and the proto-oncogene
MET (see Hembase, http://fmp-8.cit.nih.gov/hembase/chr.
php?chr=7, accessed 28 May 2013).
The translocation t(3;20) originates from breakages occur-
ring in the centromeric regions of the two involved chromo-
somes. It is known that centromere-related sequences are
commonly heterochromatic; nonetheless, some genes control-
ling cell life/death are located closely to the break points and
could conceivably be deregulated after the translocation event.
As an example, molecular alterations of ROBO1 and -2
genes, mapping into 3p12 band, are known to be linked to
carcinogenesis (Ghosh et al. 2009), whereas zinc finger pro-
tein 133 and protein tyrosine phosphatase , receptor type , T
genes, located in 20p11.23 and 20q12-q13 regions, respec-
tively, are recognized regulators of cell growth, differentiation,
mitotic cycle, and oncogenic transformation (Lee et al. 2007;
Scott and Wang 2011).
Conclusions
In conclusion, the data here reported indicate that although
HB2 cells show a relatively unaltered epithelial phenotype
with polygonal cells growing strictly connected in scattered
islands when cultured in flask (see Fig. 1), their immortaliza-
tion process produced a number of genomic alterations, here
described for the first time, which must be taken into account
when designing experiments and choosing the cell model
systems. In addition, this cell line shows a relative morpho-
logic and genomic stability as demonstrated by serial cytoge-
netic analyses (data not shown) performed up to 10 months
during its expanded growth in our laboratory in which we
found no significant deviations of the numerical/structural
chromosome changes.
Our present results do not detract from the utility of HB2
cells that can illustrate many fundamental aspects of breast
cell biology and are useful in their own right, but rather
interject a note of caution into extrapolating results obtained
with this cell line used as the “normal” counterpart of
neoplastic breast cells when comparing patterns of gene
Figure 8. Partial GTG-banded
lkaryotype of four HB2 cells
showing jumping translocation
between chromosomes 3 and 6
(A–B breakpoints in 3p24-p23
region and in 6q25 band) and
between chromosomes 3 and 7
(C–D breakpoints in 3p24-p23
and in 7q31-q36 regions). The
arrows indicate the abnormal
chromosomes.
Figure 9. Partial GTG-banded karyotype of two HB2 cells showing the
chromosomal markers 3p- and 3q- originated by t(3; 20)
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expression, or cellular behavior, since their unique properties
might not be generalized. Therefore, this work represents a
useful resource for all who want to perform appropriate and
focused future studies on this cell line by either molecular
genetic or molecular cytogenetic techniques. The convention-
al cytogenetic findings here reported and the hypotheses of
gene involvement here proposed give precise indications for a
knowledgeable use of HB2 cells.
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